Agrobacterium tumefaciens transfers T-DNA into the plant genome by a process mediated by Ti plasmidencoded vir genes. Cleavage at T-DNA border sequences by the VirD endonuclease generates linear, single-stranded T-DNA molecules. In the work described in this report, we used electrophoretic mobility shift assays to show that the purified virE2 gene product binds to single-stranded DNA. VirE2 protein associates with T-DNA as shown by immunoprecipitation studies with VirE2-specific antiserum. The VirE2 protein was detected primarily in the cytoplasm, but also in the inner and outer membrane and periplasmic fractions. Virulence of a virE2 mutant was restored by mixed infection with strains carrying an intact vir region, but not with virA, virB, virD, virE, or virG mutants or chvA, chvB, or exoC mutants. We propose that the VirE2 protein is involved in the processing of T-DNA and in T-strand protection during transfer to the plant cell.
Agrobacterium tumefaciens causes crown gall disease in dicotyledenous plants by transferring a segment of DNA (T-DNA) from a resident (Ti) tumor-inducing plasmid into plant cells, where the DNA becomes covalently integrated into the plant nuclear genome (for recent reviews, see references 28a, 35, and 47; see also A. Powell and M. P. Gordon, in S. Marcuo, ed., Biochemistry of Plants: a Comprehensive Treatise, vol. II, in press). The T-DNA then directs the synthesis of the plant growth hormones auxin and cytokinin, resulting in unregulated proliferation of plant tissue (35) . Transfer of T-DNA is mediated by several trans-acting virulence loci, including at least three chromosomal loci involved in the initial attachment of the bacterium to the plant cell (8, 11, 12) and loci within the vir region, a ca. 35-kilobase (kb) region of the Ti plasmid outside of the T-DNA (15, 27, 43) . Mutations in six operons within the vir region either abolish virulence (virA, virB, virD, and virG) or result in a sharply attenuated virulence phenotype (virC and virE) (21, 27, 43, 55) .
Recently, workers in several laboratories have begun to elucidate the roles of vir proteins in the transfer process. Specific plant signals (4, 42) and the products of virA and virG are required for induction of transcription of the other vir operons (46, 52) . Products of the first two genes of the virD operon make up an endonuclease which recognizes and cleaves at specific sites within 24-base-pair (bp) border sequences that functionally define the boundaries of T-DNA (23, 45, 49, 56) . A strand-specific RNase protection assay (1, 56) and Southern hybridization studies (44, 45) have shown that a product of the cleavage event is a linear, singlestranded T-DNA molecule (T-strand) that corresponds to the bottom strand of T-DNA. One model for T-DNA processing is that initial border sequence cleavage by the virD endonuclease is followed by a replication event, which results in replacement synthesis of the bottom strand of T-DNA and the concomitant displacement of a T-strand molecule (1, 44) . However, the structure of T-DNA molecules transferred into plant cells is not yet clearly established, since doublestranded linear (23, 49) and circular (2, 29, 54) T-DNA molecules also have been identified as products of the cleavage reaction.
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The roles of the other vir genes in the processing and transfer of T-strands have not been elucidated. The virE operon is of particular interest in that strains containing virE mutations can be complemented during mixed infections by using a helper strain of A. tumefaciens. Conceivably, the virE product(s) synthesized in one bacterium are exported and utilized during infection by a second strain (14, 39) . The operon consists of two open reading frames coding for proteins of ca. 7 kilodaltons (virEl) and 60.5 kilodaltons (virE2) (51) , both of which are required for virulence (34) . The unusual complementation observed for virE mutants but not for any other vir mutants suggests that an understanding of the functions of the virE gene products might provide insights into the mechanism of transfer of the T-DNA. In this report we present evidence that the virE2 gene product is a single-stranded-DNA-binding protein that associates with T-DNA. The significance of this DNA-binding property is discussed in relation to our current understanding of the T-DNA transfer process.
MATERIALS AND METHODS
Bacterial strains, plasmids, and growth conditions. A348 is A. tumefaciens A136 containing pTiA6NC (16) . Mutations in the vir region of pTiA6NC were generated by transposon mutagenesis with the genetically engineered transposon Tn3HoHol (43) . Plasmids designated pTi contain Tn3HoHol insertions introduced by marker exchange into vir loci of pTiA6NC (43) , while plasmids designated pSM were constructed by cloning vir loci into cosmid pVK102 (28, 43) . A derivative of A348 carrying an insertion in the pinF (plant inducible) locus (pTi219) was used as the source of VirE2 protein, since the virulence phenotype of this strain is identical to that of A348 and the lacZ::pinF translational fusion provides an assay for induction of the vir genes (43) . This strain also contained pToK9, which carries the 3' end of virB and virG from pTiBo542, a region that enhances expression of the vir genes, cloned into pVK102 (24) . Plasmid pTi318 carries a Tn3HoHol insertion in virE2 that eliminates gene expression, and pTi358 carries an insertion that results in a lacZ::virE2 translational fusion (41, 43; see Fig. 1 ). Plasmid pSW153 consists of a ca. 2.0-kb SphI-BamHI restriction fragment from pTiA6NC, encoding most of the virEl coding sequence and the entire virE2 coding sequence, cloned into the pUC19 polylinker site (51) . This plasmid contains a transcriptional fusion between the lacZ promoter and virE2, resulting in isopropyl-,-D-thiogalactopyranoside (IPTG)-inducible expression of virE2, and may contain a lacZ::virEl translational fusion, although the fusion product has not been detected (51) . Plasmid pCGN394 contains the virE operon cloned into pUC18, and pCGN1513 is a derivative of pCGN394 in which the virEl coding sequence was disrupted by an in-frame deletion (34) . Plasmid pNW34C-8-1 consists of the EcoRI 8 fragment (7.5 kb) from the T-DNA of pTiA6NC cloned into pBR322 (16) . Plasmid pJW211 consists of the BamHI 14 fragment (5.14 kb) from the virB region of pTiA6NC cloned into pMY1133, a derivative of pUC18 (J. Ward, personal commnunication). A. tumefaciens strains were maintained on AB minimal salts medium (10) , and Escherichia coli strains were maintained on LB medium (33) with the addition of appropriate antibiotics as previously described (56) . A. tumefaciens vir gene expression was induced by diluting a mid-exponential-phase cell culture to an optical density at 550 nm of 0.1 in AB medium buffered at pH 5.5 with 2-(N-morpholino)ethanesulfonic acid (MES), followed by vigorous aeration at 28°C for 18 h in the presence of acetosyringone (100 VxM) (42 (17) , and suspended in 50 ,ul of NET buffer. Samples (10 ,ul) were examined by immunostaining (48) and Southern hybridization analysis (33) . Cells were separated into cytoplasmic, inner membrane, and outer membrane fractions as described previously (31) . The fractionation quality was assessed by assaying for NADH oxidase, an inner membrane marker (38) , and malate dehydrogenase, a cytoplasmic marker (26) , and by determining A280 values. The periplasmic fraction was obtained by osmotic shock as described by Maagd and Lugtenberg (32) .
Purification of the virE2 gene product. The VirE2 protein was purified from E. coli JM1O1(pSW153) by a purification procedure similar to that used for other overproduced proteins that precipitate in cells (6) . Cells (33) . Single-stranded oligonucleotides of 30 bases were synthesized by the phosphoramidate method on a Biosearch-8600 DNA synthesizer. The eight oligonucleotides used in these studies were as follows:
VirE2 ssDNA-BINDING PROTEIN 2661 from right border sequences of several Ti plasmids (40); GCTCAAATTACAACGGTATATATCCTGCCA and the complementary sequence, TGGCAGGATATATACCGTTG TAATTTGAGC, which contains the 24-base sequence that functionally define the right border B of T-DNA from the octopine plasmid pTiA6NC (3, 53); a poly(dA-dG) sequence; and a poly(dT-dC) sequence. Blunt-ended, double-stranded molecules were generated by mixing equimolar amounts of the corresponding upper and lower strands and incubating them at 75°C for 10 min and then at 37°C for 30 min and analyzed by electrophoresis through 20% acrylamide gels (acrylamide/bisacrylamide ratio, 38:2). Oligonucleotides were end labeled with T4 polynucleotide kinase as described by Maniatis et al. (33) .
Electrophoresis mobility shift assay. Binding assays were conducted essentially as described by Hendrickson and Schlief (20) . Reaction mixtures consisted of 20 ,lI of Z buffer, 10 nM single-or double-stranded, end-labeled oligonucleotides, and 100 nM VirE2 protein. Since the exposure of VirE2 protein to urea (during purification from E. coli) or high salt concentrations (during purification from A. tumefaciens) may have reduced the ability of VirE2 to bind DNA, a high ratio of protein to DNA molecules was used in these initial studies. Experiments in progress are aimed at quantitating the loss of DNA-binding activity resulting from denaturation of VirE2 protein during purification. The mixture was placed on ice for 30 min, 2 ,ul of loading buffer (25% glycerol, 0.1% bromophenol blue, 0.1% xylene-cyanol) was added, and the DNA-protein complexes then were resolved in a vertical 5 to 20% linear gradient of polyacrylamide (acrylamide/bisacrylamide ratio, 38:2) in TBE buffer (90 mM Tris base, 90 mM H2Bo3, 2.5 mM EDTA). Interestingly, in these gels the double-stranded oligonucleotides migrate slower than single-stranded oligonucleotides. The gel was prerun for 3 h, samples were loaded with the current on, and electrophoresis was carried out at 8 V/cm for 6 h. The gel was exposed to X-ray film at -70°C with an intensifying screen.
Virulence assays. Strains were tested for their virulence by inoculating Kalanchoe diagremontiana leaves as described by Garfinkel and Nester (15) . For coinfection studies, a culture of the virE2 mutant strain A136(pTi358) was mixed on an AB minimal medium plate with each of the vir, chv, and exo mutants listed in Table 1 . Each test mixture was inoculated on the left side of a Kalanchoe leaf, with the corresponding "rescuing" strain inoculated on the right side as a control. Experiments were performed in triplicate, and at least two separate leaves were inoculated per strain.
RESULTS
Purification of the VirE2 protein from E. coli and A. tumefaciens. Antibodies to the VirE2 protein were used to monitor purification of the protein from both E. coli and A. tumefaciens. Immunoblot analyses (Fig. 1B) (41) .
Purification of VirE2 protein from E. coli(pSW153) is described in detail in Materials and Methods and is shown in Fig. 1A and B. The overproduced VirE2 protein was detectable in total extracts from E. coli(pSW153) (Fig. 1A, lane 7) . Although a small amount of VirE2 protein, detectable by Western immunoblot analysis, was present in the supematant after centrifugation of extracts from French pressdisrupted cells, the majority of the protein was in the pellet fraction (Fig. 1A, lane 8) . Urea solubilization of the pellet followed by single-stranded-DNA-cellulose column chroma-A The VirE2 protein also was purified from A. tumefaciens. Preliminary experiments revealed that VirE2 protein was retained after passage of crude extracts of acetosyringoneinduced A. tumefaciens A136(pTi219, pToK9) through denatured calf thymus DNA-cellulose columns. The column was washed extensively (10 column volumes) with Z buffer and then eluted in steps of 0.1, 0.2, 0.3, 0.4, 0.5, 1.0, 1.5, and 2.5 M NaCl in Z buffer. The majority of the protein eluted with 1.0 and 1.5 M NaCl. However, SDS-PAGE analysis of material in the 1.5 M NaCl fraction (Fig. 1A, lane 4) showed that several contaminating proteins also were present in these fractions. Therefore, the VirE2-containing singlestranded-DNA column fractions were passed through an immunoaffinity column containing antibodies reactive against VirE2 (see Materials and Methods). The bound VirE2 protein was eluted with 1.0 and 2.5 M NaCl. Material in these fractions was concentrated through microconcentrator filters (Amicon) and yielded a single band when 4 ,g of protein was electrophoresed through SDS-polyacrylamide gels (Fig. 1A, lane 5) .
Electrophoresis mobility shift studies. The binding of purified VirE2 protein to eight single-stranded and four bluntended, double-stranded oligonucleotides was measured by an electrophoresis mobility shift assay (see Materials and Methods). VirE2 protein purified from E. coli, as well as from A. tumefaciens, retarded electrophoretic migration of all of the single-stranded oligonucleotides without sequence specificity, but did not retard any of the double-stranded oligonucleotides tested. The altered migration of singlestranded, but not of double-stranded oligonucleotides is depicted in Fig. 2 , in which the single-stranded oligonucleotide sequence was CAGGAAACAGCTATGAAACACGTT CTTCTT (odd-numbered lanes), with the complementary sequence annealed to form the double-stranded molecule (even-numbered lanes). A single DNA-protein complex was identified near the top of the gel when the single-stranded oligonucleotide was incubated with VirE2 protein purified from either bacterial source (lanes 3 and 7) . However, when the double-stranded oligonucleotide was incubated with VirE2 protein, no shift in electrophoretic migration was detectable (lanes 4 and 8) . The addition of double-stranded oligonucleotides to a reaction mixture did not affect the ability of VirE2 protein to associate with single-stranded oligonucleotides (data not shown).
To confirm that the observed changes in migration were due to the VirE2 protein, we also tested the association of protein preparations from E. coli(pUC19) (vector only) and from A. tumefaciens(pTi318) (virE2 mutant) with DNA. In each case, the protein was isolated by the identical procedure used to purify VirE2 from the corresponding VirE2-producing host. Material in fractions collected after singlestranded-DNA-cellulose chromatography of the ureasolubilized pellet from E. coli(pUC19) (Fig. 2, lanes 5 and 6) or in fractions collected after single-stranded-DNA-cellulose and immunoaffinity column chromatography of A. tumefaciens(pTi318) (lanes 9 and 10), did not retard either singleor double-stranded oligonucleotides. These experiments demonstrate that material from the two bacterial hosts that could have copurified with VirE2 protein was not responsible for the observed retardation of DNA.
The ability of the VirE2 protein to bind to DNA might have resulted from an interaction of VirE2 protein with a copurified VirEl protein in the preparation from A. tumefa- 9 show migration of single-stranded DNA, and lanes 2, 4, 6, and 8 show migration of double-stranded DNA. Lanes: 1 and 2, DNA-only controls; 3 and 4, VirE2 protein purified from A. tumefaciens A136(pTi219, pToK9); 5 and 6, material from A136(pTi318), a virE2 mutant; 7 and 8, VirE2 protein purified from E. coli JM101(pSW153); 9 and 10, material from E. coli JM101(pUC19), vector-only control. Gel-retarded VirE2-single-stranded-DNA complexes appear in lanes 3 and 7 (E2::ssDNA).
ciens or with the LacZ::VirEl fusion product in the preparation from E. coli (see Materials and Methods). To address this possibility, we assessed the DNA-binding property of VirE2 protein produced by a strain of E. coli harboring a virE operon in which the virEl coding sequence is disrupted by an in-frame deletion (pCGN1513) (34) . The VirE2 protein from this strain bound to single-stranded-DNA-cellulose columns and was eluted with the same salt concentrations as the protein purified from E. coli(pSW153) and A. tumefaciens(pTi219, pToK9) (data not shown). On the basis of results of the above experiments, we conclude that the VirE2 protein is a single-stranded-DNA-binding protein that binds to any single-stranded DNA molecule. Further, this binding is independent of the VirEl protein.
Localization of VirE2 protein. In order to localize the product of virE2, proteins from acetosyringone-induced cells of A. tumefaciens A348 were separated into cytoplasmic, periplasmic, inner membrane, and outer membrane fractions (see Materials and Methods). The A280 pattern demonstrating separation of the inner and outer membranes is shown in Fig. 3A . The peak inner and outer membrane fractions had buoyant densities of 1.132 and 1.235 g/cm3, respectively. The inner membrane marker NADH oxidase was present only in the inner membrane fractions (Fig. 3A) . Malate dehydrogenase activity, a cytoplasmic protein marker, was present only in the cytoplasmic fraction (data not shown). Fractions from the four cellular compartments were found to have unique protein profiles when analyzed by SDS-PAGE and stained with Coomassie blue (Fig. 3B) , further suggesting an efficient fractionation.
Proteins from an identical but unstained gel were transferred to nitrocellulose, and the VirE2 protein then was identified by immunological staining with the VirE2-specific antiserum (Fig. 3C) . Interestingly, although VirE2 protein was found primarily in the cytoplasmic protein fraction (lane 2), a small but significant amount was also present in the inner membrane fraction (lane 4) and a low level was detected in both the outer membrane and periplasmic fractions (lanes 5 and 6 respectively). Strain A348 was fractionated and analyzed several times as described above to confirm these findings. Similar results also were obtained when fractions from A. tumefaciens A136(pTi243) (a virB mutant) (43) and LBA4404 (pTiA6NC deleted of T-DNA) (37) were examined (data not shown).
Immunoprecipitation of VirE2 protein::T-DNA complexes. Since both single-stranded T-DNA molecules and a singlestranded-DNA-binding protein are synthesized following vir gene induction, we looked for a possible association between VirE2 protein and T-DNA. Crude cell extracts of A136 (pTi219) or A136(pTi318) were precipitated with preimmune or VirE2-specific antiserum and protein A-bearing Staphylococcus cells (see Materials and Methods). Immunoprecipitates were then subjected to SDS-PAGE and immunostained with the VirE2-specific antiserum. VirE2-specific antiserum precipitated the VirE2 protein from A136(pTi2l9) crude extracts (Fig. 4A, lane 5 ) . The vir mutants were tested for their ability to restore virulence to virE mutants. Strains with insertions in virA, virB, virD, virE, or virG did not restore virulence to A136 (pTi358) ( Table 1) . However, strains with insertions in either virCI (pTi379, A1034) or virC2 (pTi365, pTi364) did restore virulence to A136(pTi358). The same results were obtained when virEl (pTi361) and other virE2 mutants (pTi318, pTi341) were examined (data not shown). Interestingly, 4 . Immunoprecipitation of VirE2::T-DNA complexes. Conditions for immunoprecipitation of material from crude extracts of A136(pTi219, pToK9) and A136(pTi318) are described in Materials and Methods. (A) Electrophoresis of immunoprecipitated material through denaturing 12.5% acrylamide gels, followed by development of the immunoblot with VirE2-specific antiserum. (B) Immunoprecipitated material spotted on nitrocellulose and probed with radioactively labeled pNW34C-8-1 in Southern hybridization analyses for the presence of T-DNA sequences. Lanes: 1, material immunoprecipitated from A136(pTi219, pToK9) with protein Abearing Staphylococcus cells only; 2, material immunoprecipitated from A136(pTi318) with preimmune antiserum; 3, material immunoprecipitated from A136(pTi318) with VirE2-specific antiserum; 4, material immunprecipitated from A136(pTi219, pToK9) with preimmune antiserum; 5, material immunoprecipitated from A136(pTi219, pToK9) with VirE2-specific antiserum.
T-DNA region of pTiA6NC. The probe, made single stranded by being boiled, hybridized to DNA present in material immunoprecipitated by VirE2-specific antiserum from A136(pTi219) extracts (Fig. 4B) . These findings strongly suggest that single-stranded T-DNA molecules were immunoprecipitated. Although it is conceivable that proteinbound double-stranded T-DNA molecules may also have been precipitated and transferred to nitrocellulose, the single-stranded DNA probe would not have hybridized to these molecules, since they were not denatured prior to Southern hybridization. The possibility that the entire pTiA6NC plasmid was precipitated by the VirE2-specific antiserum was tested by probing the immunoprecipitates with pJW211, which harbors the BamHI 14 fragment (5.14 kb) of the virB region of pTiA6NC (see Materials and Methods). This region of the Ti plasmid was not present in any of the immunoprecipitates examined when analyzed by Southern hybridization (data not shown). Therefore, we conclude that antibodies to the VirE2 protein specifically precipitated a DNA-protein complex that most probably consists of singlestranded T-DNA molecules and VirE2 protein.
Restoration of A. tumefaciens A136(pTi358) virulence by coinfection. We tested the observation first reported by Otten et al. (39) that avirulent virE mutants regained virulence by coinfection with strains harboring an intact vir region, but not if the helper strains carried mutations in any of the vir loci on the Ti plasmid. Test cultures were mixed, applied to wound sites on Kalanchoe leaves, and examined for their ability to incite tumor formation as described in Materials and Methods. Strain LBA4404, which carries pTiA6NC with an intact vir region and a deleted T-DNA (37), restored virulence to four strains carrying Tn3HoHol insertions in (43) . Mutant A1034 and the chromosomal mutants (chvA, chvB, and exoC) were generated by TnS insertions (8, 11, 12, 55 
DISCUSSION
Processing of T-DNA for transfer to plants most probably is functionally analogous to processing of plasmid DNA for interbacterial conjugative transfer. Both DNA transfer systems involve strand-specific nicking by a site-specific endonuclease, 5'-to-3' directional unwinding of the nicked strand and replacement synthesis of the displaced strand, and, presumably, the transfer of a DNA-protein complex (1, 22, 44) . Recently, Buchanan-Wollaston et al. (7) demonstrated that plasmids containing mobilization functions (mob) and an origin of transfer region (oril), the functional equivalents of the VirD endonuclease and the T-DNA border sequences, respectively, are transferred to plants by A. tumefaciens strains carrying an intact vir region. Therefore, mob and oriT functions required for interbacterial plasmid transfer apparently can substitute for the analogous functions in the T-DNA transfer system, providing more evidence for the similarity of these DNA transfer systems.
The analogy between T-DNA transfer and interbacterial conjugation is further strengthened by our identification of the VirE2 single-stranded-DNA-binding protein. The ability of VirE2 to bind to single-stranded DNA recently was also implicated on the basis of gel retardation studies with crude extracts from Agrobacterium mutants (17a; C. Geitl, Z. Koukolikova-Nicola, and B. Hohn, personal communication). Our ability to coprecipitate VirE2 protein and free T-DNA molecules provides strong evidence that this DNAprotein association is a physiologically significant component of the T-DNA processing reaction. Numerous bacterial conjugative plasmids also encode single-stranded-DNAbinding proteins (18, 50) . The requirement of these proteins in bacteriophage and bacterial DNA recombination and replication and in stabilization and protection of newly synthesized DNA is well documented (9 Although the available evidence strongly suggests that T-DNA processing reactions are analogous to early events associated with plasmid transfer (22, 50) , the data do not rule out the possibility that double-stranded T-DNA molecules could excise precisely from the Ti plasmid by a mechanism analogous to conservative transposition or site-specific recombination (2, 23, 28a, 49) . Since double-stranded linear and circular T-DNA molecules have been isolated from induced cells, it will be of considerable interest to discern which of these intermediate molecules is biologically relevant to the transfer process.
It is difficult to understand the complementation data of Otten et al. (39) and the data reported in this paper if the VirE2 protein functions only in the bacterial cell. Complementation in mixed infections most probably occurs either extracellularly or within the plant cell, which suggests that the VirE2 protein can be exported from the cell. The VirE2 protein localization studies presented here support this idea. Although the majority of the protein was found in the cytoplasmic fraction, both membrane fractions and the periplasmic fraction also contained VirE2 protein. These findings agree with those of Engstrom et al. (13) , who recently identified a protein the size of VirE2 that was present both in cytoplasmic and total membrane fractions of induced cells, but was absent in corresponding fractions from uninduced cells and virE mutants.
Two lines of evidence suggest that export of VirE2 would occur by a complex mechanism. First, the VirE2 protein sequence as deduced from its DNA sequence does not contain any signal sequences characteristic of secreted proteins (36, 51) . Second, rescue of a virE2 mutant in mixed infections requires that the rescuing strain encode not only the virE2 gene product, but also the products of the virA, virB, virD, and virG operons. Since the products of virA and virG are involved in transcriptional activation of the other vir genes (46, 52) , it is likely that products of the virB and virD operons are involved directly in the helper phenomenon. We recently analyzed DNA sequences of the virB (J. E. Ward, D. E. Akiyoshi, D. Regier, A. Datta, M. P. Gordon, and E. W. Nester, J. Biol. Chem., in press) and virD (41, 56) operons and found that most of the 11 predicted virB gene products, as well as the virD4 gene product, are likely to be membrane associated. Interestingly, three strains carrying virD4 mutations (strains 355, 307, and 328) failed to restore virulence of A136(pTi358) in the coinfection studies (Table  1 ). Our analyses suggest that the virB and virD4 proteins form a transmembrane structure through which T-DNA, protein, or a T-DNA-protein complex might be exported. VirE2 protein export from helper strains may require such a transmembrane structure, which would explain why helper strains require the additional vir products. Our mixed-infection experiments also showed that gene products of the virC operon are not required for complementation. Recent evidence from our laboratory indicates that these gene products may function during initial T-DNA processing by enhancing the virD endonuclease-mediated cleavage reaction (N. Toro, unpublished data). Since the helper strains lack T-DNA, only the products of the vir regulon necessary for virE2 protein synthesis and export would be required.
Our observation that the three chromosomal loci chvA, chvB, and exoC involved in mediating attachment to plant cells and tumor formation (8, 11, 12) are required for complementation strongly suggests that the bacterium-plant cell association is important in these mixed infections. It is tempting to speculate that the restoration of virulence of a virE2 mutant results from the independent transfer of VirE2 protein by helper strains and T-DNA by virE2 mutants into the same plant cell, where a protein-DNA association is established.
These results, taken together with results of our earlier 
